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AllS!I’ll  AC’J’

Significant differcncm  arc fcm]ld in the lltA S color-color diagrams of s]nall  regions

(2’ x 2’, or 0.4 kpc x 1.8 kpc) withi,I the disk of M3] cmnparcd  to Galactic cirrus, ,nosi

nc)ticcab]y  dclnonstratcd  by  a trencl  of low [; Opm- to- 10Opm  surface brightness rat io

and high 1 2}Lm-to- 25pm rat io. IIasccl  on physical arguments, wc conclude that these

color diflercnccs  arc best explained by assuming that “Very Small Grains” (but not

l’cdycyclic  Aromatic lIyclrocarbolls)  arc o]lly half as abundant in M31 as they are iu

Galactic cirrus. Wc confirm this col]clusion  a]id test its detailed agrccmcnt  with data by

using the ~~llc]lolrle]]ological ]nodcl  by IXscrt ci al. (1 990). in particular, wc show that

the data cannot  he cxplai]]cd by postulating weaker UV heating ill  the disk of M31. We

alsc) SIIC)W that the VSG-dcficicnt  ]l]odcl  predicts correctly the correspondence l.)ctwccll

the II LAS colors and the 10O~L7n clnissiviiy  pm 111 ato]n  in the cmtcr  disk of M 31.

“Very Slna]l  Grains” arc a. leading candidate for the carrier of the 21 75A bump

in the extinction curve. Our suggested VSG  clcficicmcy  in M31 is thus cc)]lsistm]t with

rccc]lt 11 S’J’ ol.mcrvations  which show cvidcnc.c  for a. weaker and narrower 21 75A bLmlp

on the M31 extinction curve. ScmIe speculation is c)ffcrcd  as to possible lil]ks bctwccn

Very S]nall Grains and the IC)W rate c)f current star forrnatio)l  in M31.

Subject h e a d i n g s :  g a l a x i e s :  i]ldividual  - gala.xics: i]ltcrstcllar  matter -  galaxies:

~)l]c)tc~]]]ctry -  il]tcrstcllar:  grains



1. lntrocluction

It is  now wiclcly acccptcd  that sInall  grai]ls  ( S 100~)  arc an i]nporta]lt  i]lgrcdie]lt

c~f inlmrstmllar  dust (1’ugct  & l,6gcr  1 9 8 9 ) .  A c c u r a t e  clctcrlninaticms  of tllc ultravio]ct

(UV) cxtillcticnl  curve towards a variety of stars using the lntcrnationa]  Ultraviolet

ICxp]orcr  (SCC Mathis  1990 for a review) rcwcalccl  t,hat t}lc extinct.io]l cross scctic)~]  of clust

keeps rising from t}lc optical towards the U\~, with a ‘bump’ near 21 75A, ancl a ncm-

li]lcar rise in the far UV (A > 2000~  ), ‘J’llis  bchavicm cannot bc attributed to large grains

( L 100~ ) which, bccausc  of their large size,  ccmtrilmte mainly  to the near-il]frarccl a]lcl

optical extinction (I)rainc & I,CC 1984). Near ill frarccl  arid  ]nicl-illfrarccl  spectroscopic

stuclics  of a wide variety of objects (1111 regions, rcflcctio]l  nebulae, planetary nebulae,

intcrstcd]ar  cirrus, ga]axics)  rcwealccl a set of emission fcaturm at 3.3, 6.2, ‘7.’7, 8.6, and

11.3 pm, which have IJCC]I  successfully associated with 1 ‘olycyclic  Aroxnatic  llyclrcJcarbc]l~

II Iolccules  (} ’All ) Ly l,6gcr  & ]’ugct (1 984, scc also l’ugct  & IIdgcr  1989). ‘J’hcse  arc 2-

climcnsional  )nolcculcs  of N 1011 ill  size, whic]l  arc heated by  a. single ]Jhotcnl tc) ]Ilorc  than

1000 K and then rcclnit  tllc. enc.rgy  ]nc)st]y in I,lle ‘(aro]]latic”  i]lfrarml features. Fllnpirica]

argul]lcllts  (Ilclou, ILytcr  &. Soifcr  I 991 ) al]cl  ]I]c)clcl  calculatic)?ls  have  suggcstcxl  t h a t

they clo]ni]late  ihc 12/LtiI  lILAS flux c)f various objects including galaxies (XU & I)c

Zotti 1989).

‘J’hcsc  I’A }1s }lowcvcr  have clifliculty  accclu~]tillg for tl]c  cliffusc 25/Lm ra.dia.tic)]l  SCCII

ill t)lc  Sc)lar Ncighbc)rhooc]  (Iloula]]gcr  &. l)drau]t  1 9 8 9 ) ,  i]] ihc G a l a c t i c  plane (Ccm &.

Mczgcr  1988; l’<rau]t et al. ] 988), ant] ill nearby galaxies such as M31 (Walterhc)s  &

Schwcrirlg 1987), wit}lout  gctti]]g  unco]]]fortab]y  large (wc]] over 1000 ca.rbo~l a toms) ,

aJIcl lc)si)lg  t}lcir  } ’Al l  charac te r  (I)dscrt  ct aZ. 1990,  hcrcaftcr  1)111’90).  l,a.rge  grai]ls in

t}]crnla]  cquilibriu]n  C)]I tllc ot}lcr  IIa]lcl  ca]]]]c)t  acccjul~t  fclr t,lIc cliffusc.  25/Lm c]nissic)]l

b e c a u s e  t}ley arc tc)o CC)O1 (N 2 0 1 { ,  ])rai]lc & A]lclcrso]l  1 9 8 5 ) .  l)6sert  et al. (1990)

I,l]crcforc  suggested a populatio]l  of 3-clilnc]ltio]]al  very s]l]all graills (VSG) of size 10-

150~ as tllc prcdo]ninallt  s o u r c e  fc)r t}lc clifi’usc  25/Lm racliatic)]]. Sir]]ilar  tc) I’AIIs,  VS[~

u]ldcrgc)  sigl]ifica]It  tclnpcrature  fluctuatic)lls  W]ICII l]catccl  by c)ljtical o r  lJV racliat.ic)ll,

but rcmllit  tl]c  cllcrgy  ill tl]c  li]icl-i]]frarccl  co]]ti]]uulll  ratllcr  tha))  ill f e a t u r e s .  ‘.I’IIcsc

VSG will i]] aclditicm  col]tributc  to ilIc  (iO/~Tn cliffusc  radiatic)ll, a des i rab le  f ea tu re  in

v i e w  c)f the consta.l]t  60}/772 tc) 100 pm flux  ratic) in tllc Galactic p]a]le  (Cox & Mczgcr

1987 ,  l’dra.u]t  ci al. 1 9 9 0 )  a~lcl i]] tllc clisk  of M31 (Waltcrbc)s & Scllwcrillg 1 9 8 7 ) .

‘J’his  cc~~]stal]cy  is rcprc)cluccc]  by t}lc co]]]bi]latio]i  of VSG  and large graills, but is c]uitc



unlikc]y  behavior for large grains alone  WIIOSC Imnperaturcx  ]nust clccreasc  substantially

fro]n in]lcr tc) outer disk with the clccrcasc  of t,hc radiation fielcl  (} IcIou  1989).

While the properties c)f I’All IJlolccules  arc well stuclicd  both  astronomically and

in  the  l abora to ry ,  ve ry  few studies  ill  the ]iteraturc arc clcvotccl tc) VSG, ancl t,hesm

studicx  arc exclusively coI~finccl to Galactic objc.cts  (Sallgrcwn  1984; Castelaz, Scllgrml

& Wm~cw 1987;  llrainc  & Alldcrson;  1)1~1’90).  ‘J’his  is basically clue to the difl”icu]ty

c)f spectroscopic mcasurcmcnts  beyoncl  20/1111, where VS(~ emit lnost  of their radiatic)]l.

For galaxies outside the Milky Way, thcm is the adclitiona]  obstacle that the total fluxes

at 25/u J1 and at (iOpn arc vcrcy c)fte]l  dcnlji]]atcd  by the warln dust associated with sta.r-

for]nation  rcgio]]s  (XU & I)c Zotti  1989; ltice ct al. 1990), so that information about the

VSG  in the diffuse medimn is cffcctivcly  n]askccl. ~;onscc]ucnt]y,  liit]c!  is known about

the nature of VSG. ‘J’}lc s]na]l  graphitm grain  hypothesis  has been favored Ly m a n y

authors bccausc  these  sa~rlc grains arc stro]lg candidates for prcwicli]lg  the 21 ’75A bump

i]] t}lc UV cxti]]ction  curve (1)1 ]1’90, Mathis  1990). lt is co]nplctely  unclear }1OWCVCJ’

where  tLIIcl how VSG fcwm ,  a]ld  wlla~ dctcrl]~i]]cs  tl]c abulIcla]Icc  o f  VSG rclat;vc tc)

‘tc]assical”  large grains. I1c1ou, ]tytcr  &. Soifcr  ( 1 9 9 1 )  Ilavc  SIIC)WII  t}lat  the abul]dancx

of I’AIIs rcla.tivc  to large grai]ls is  constant  wit]] a rl~ls dispcrsic)n  of about 40!Yc0  a]nollg

gala.xics;  howcwcr,  the question of VSG abu]]clallce  variatic)ns  frc)lll  galaxy to galaxy  has

nc)t bcm) adclrcssccl.

Wc rcpcmt  here on a study  of tl]c  lltAS colcms of s~nall  arms a fcw hundrec]  pc i~]

size witllill  the disk of M31 . ‘J’his  galaxy  is ])crhaps  t})c Lest target  fc)r studyi]lg  VSG

outsiclc  the Milky Way using II LAS clata, bcxausc: 1 ) it is the nearest s])iral  galaxy

outsiclc  t}lc  Milky Way, thus it is W C]] rcsc)lvcd  by l}tAS; 2) it is a WC1l known quicsccnt,

ga laxy  (WaltcrLcJs  1987), and thcrcforc  at (iOp]n and mm)  at 25/1.11-1 the mnissic)n  is still

clc)]ninatcd  by tllc diffuse dust TLOt assoc.iatccl  with the star-forl]latic)ll  rcgic)lls.  ‘1’hc  study

uscs IICW hig]l rcsolut,ioll  (N 1‘ )  lltAS ]IIaps. WC fiIIcl  tllc 1 ltA S cc)lcm-color diagraln  c)f

tllc clifluse mnissio]l  of M31 to be ullusual  cc)]n]}arcxl  to Galactic cirrus, shc)willg  a trc]ld

of having rather low 60}  LnL- to- 100/17~L  surface brig} ltncxs  ratic)s  ax]cl high 12}1TTz.-  tcv 25/frn

raticm. ‘J’his obscrvatiol]  call be ]nc)st  ~latura]ly  cxplai])ccl by a dcficic]lcy  of VSG ill M31 .

‘1’llrcmghcmt  this  paper,  we assul]]c for M31 a Clista]lcc  c)f 690 kpc (1’ = 200 pc alc)]lg

tllc ]I]ajc)r axis), a.r] i]lcli]]atioll  aIlglc  of 77°, aIId I’.A. = 37° .



‘J’]lc l)CW hig}l rcso]utio)l  IILAS Inaps at 12, 25, 60 tLncl  100/LIIl  WCI-C obtail)ccl  fro]n

I+lIc high resolution prclccssor  (Ililtcs) clcvclopccl at the IIlfrarccl  I’roc.essillg  and A]la]ysis

Cclltcr  ( l} ’AC)  and based on the Maximuln Corrclatioll  Mcthc)cl  clcscribcd  by Au~na]lll,

Vowlm  & Mclnyk  (1990), ‘J’he  resolution achicvcd in these lnaps  is N 0,5’ x 0.9’ (ill-sc.ali

aIId  cross-scan ha]f-power dial[lctcrs rcspcci.,ivcly)  for the ] 2 and 25}Im JrIaps,  w 0.8’ x ]‘

f o r  tl]c  60p.m map , and w 1.5’ x 1.5’ for tl]c 1 00/Lm map, IIowcvcr, tllc rcsolutioll  i s

]lot  uniforln  over i,hc )naps (1’owlcr & AumInaII  1993) ,  a]ld dcpc~]cls  in part icular  011

tllc surfac.c  brightllcss  of the backgroul)d.  11] orclcr  to c)vcrco]nc  this  problcvll,  and a l s o

tc) silnplify  the col~~parison  bctwccn the fc)ur lnaps,  w c  s]nc)oth  all o f  thcln  t o  a  1.7’

circu]ar bcaln o]i ZL grid with 0.5’ pixels. }“urtllcr]norcj  the quantitative analysis ill  this

paper is carriccl out on a saxnplc  of s]]lall areas (’ccIIs’), rather than pixels, cacll  of size

2’ x 2’. T h e  sur f s . cc  brig] ltxlcss  at wavclcl]gth  A (A : 12, 25, 60, and 100 pm), IA in

Jy Sr- 1, of each ccl] is calculated fro~rl tllc c.c)rrcs})oncling  smootllcd  lnap by averag ing

tl)c surface brig} lt]lcss  of a 4x4 array of adjacmit pixels. q’hcsc  prccauticms SIIC)UICI  Ilavc

cssclitially  rcl]lovccl  t}lc problcl]l  c)f ullulliforll(  rcxolutic)l~s  o f  tllc IIiltcxi lna])s  (1’c~wlcr,

private comlnunicatiol]  ).

Scvcra]  vcrsiolls  of rcduccd  I1{A S data C)]I M 3] ]Iavc bccl]  pub]ishcd,  rcport,illg a,

variety of va]ucs  for its total illtcgrat,cd  fluxm , as shc)w II ill  ‘J’ahlc  1. Whi]c wc arc l[lorc

collccrllcd  W i t h  tllc surfac.c  briglltllcss  dist,ributic)ll  tllall wit,]] t he  to t a l  flux, t}lis is t]lc

silll})]cst way  to colll]jarc  the varjous  d a t a  s e t s , ~’llc first threw sets of null)bcrs  arc

rcprocluc.cd  froln  t}]c listccl rcfcrcllces,  wllilc  t,}lc fc)urt]l set was l[lc,asurccl  froln the IILAS

Sky Survey Atlas (ISSA;  Whcc]ock ct al. 1 994) usiJig the same mcthcd that we, usccl

to extract  total  f luxes fro]n tl]c  IlilLes  ll]tLJ)s. ‘J’lIc  lllct)locl cc)~]sistcd o f  cstitnatillg  tllc

local  backgrc)ullcl  sky Lrightllcss  ill abcjut  twcl]ty circular areas of ] O arc]nillutc  r ad ius ,

Vcrifyillg  tha t  t hese  Cstill)a.tcs  w e r e  c,c)]lsistmlt  Wit]l  a cculsta?li,  ~)a.ckgrc)u~lc~,  rmnoving

tl~c latter, t}lc]l spatially illtcgratillg  tllc mllissioll  frol[l  t}lc  ga laxy . ‘J’hf2  Sc)ulce.s  of the

ullc.crtaillty  of M31 intcgratccl fluxes  calculated iI] this work are disc.  ussml  ill Appenclix.

‘J’here is substantial] Cliscrcpal]cy  bctwcc~l  the various clctcrlninatiol]s  of tl]c  M31

f l u x e s ,  rcflcctillg  prilnarjly  ilnprcwc)llcllts  i]] d a t a  prc)ccssjllg  tccl)lliqucs,  and SIIlall

revisions tc) the calibratic)ll  of 1 ltA S data. Our IIiltcs data show very good agrcwnc]lt

with I S S A  at 60 allcl  100p~I], but ru]i  l a rge r  tl]a]l  I S S A  lJy abcmt  25y0 at 12 aTIcl 25/ulI,

“ble calibration error. Altl]ough  tllc astrmlc)lnical result wc report i]) thissigllalling  a possl

paper is based lnain]y  011 t}lc  dcficim]cy  of 60 /LIr]  clIlissiolI  mlatccl  to 100/11]1 Clrliss;on,

wllic]l i s  llclt  affc.ctccl  by t h e  discrepancy fc)ulld II CrCl i t  also illvolvcs,  tc) SC)IIIC  CXtCIIt,

tl]e cxccss su r face  Lr;gl]t]]css  at 25//111 rclaiil’c to GO /l]J1, IIrllicll  l]as tllc salIJc sip;ll  as t}lc
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‘J’A};I,l’;  1.

}kfcrcncc jv(l  2/L?n) j“(25p??t) f“(60p?7L) j-” (1 Oop?n)

Wa]krbos &. %hwcrin~ ] 987 175:1 10 150:1 5 61O:I 5 2850J  100

]ticcdd. 1988 163 108 536 2928

ILiccct!  al. 1993 135 CJcj 496 2507

ISSA 1993 172 146 6]9 3223

‘J’his work 1994 2174  52 1834 38 6154  29 3089:1 309

cliscrcpzulcy  of lIiRes fluxes colnparcd  to lSSA fluxes. IIowcvcr,  the ]nagllituclc  of this

cliscrcpmcy  is too small tc) aflcct our II]aill ccmclusions  sigllificant]y.

3. IRA S color-color diagrams

With  the  four- IRAS bancls  onc cm] cons t ruc t  Irlaxilrlally  three indcpcm-knt f l ux

ratios (’colors’), for wllicll  wc CIIOCEC  1/(12, 25) = 112,, /1251,, IL(25, 60) = lZ51,/lGOll,  and

}{(60, 1 00) = 160,, /1100/,. 1  ILA S cc)lcm-colcm  cliagrarns  arc pc)wcrfu] tc)ols fcm stuclyillg

Lotll  the grain  co~rlpositioll  ( l’All ,  VS(; , s i l i ca t e ,  g raph i t e ,  e tc . .  )  allcl  the. hca.ting

~Jroccss c)f d u s t  ill cliffcrcmt.  cllvirollll]mlt  (c.,g. ill star-forlrlatic]ll  rcgic)ns or  ill cluicsccllt

illtcrstcllar space). IIclou (1 986) suggcstccl  a twcJ-colnpol]cl)t  mc)clc]  whit}]  i]]tcrprcts

the allticcmclatio]l  Lctwcml  lt(60,  1 00) a.llcl 1{(12, 25) of galazics as rcsulti]lg frc)]]l  the

supcrpc)sition  o f  t,wo colnpc)nmlts  o f  1{’1 IL c]nissic)xl frcull  intcrstc]lar clust: a  warln

c.c)lllpc))lcl)t  wit]] high lt(60,  1 00) ant] IC)W Ic?(I 2, 25), ancl a cc)c)l  cc))npc)]lcnt with lc)w

1/(60, 100) and nigh  II!(12, 25). ‘1’lIc wa.r]i) c.o]]~pc)]lc]lt  is in gm~m-al assc)ciatccl  to lllassivc

st, ar forlnat,ion  rcgiol)s , while the cool cc)?rlpcmcnt is associated with ‘tcirrus”  or with

cluicsccni  lno]ccular clc)uds hcatccl by the il]tcrstcllar  racliatic)n  ficlcl (1  S10’ ) .  Xu  &. IIe

7,0tti  (1 !389)  a s soc ia t ed  this  ]nc)clc] wit]) a IIIOrC real is t ic  grain  II)C)CIC1  which inc]uclcs

I’All, ancl appliccl  it tc) the lt(60, 100) vs Ic?(12, 25) cliagrall]s  allcl 1{([;0, 100) vs 1{(25,60)

clia.grams  c)f both sta.r-forlni]lg  galaxies (Markar;  a]) galaxies) a]lcl ]]o]~na] spiral galaxies.

Sauvagc, ‘J’hualk & Vigrcmx  (1 990) shc)wcc], ill ille c.asc c)f the Magellallic  Cloucls,  t h a t

tl)e two-compone]lt  I]]oclcl  also app]ics  tc) rcgic)]ls  withi))  galact ic  clisks.

W c  s t u d y  t}lc lltAS cc)lc)r-cc)lc)r  c]iagra]])s  c)f a cc)III})lctc  sa]n])lc  of s]]]all  CCIIS  ill

M31 . IOac}l CCI1, 2’ x 2’ in size, cc)rrcs])c)IIds  tc) a sIIIall  rcgio]] of 0.4 kpc x 1.8 kpc ill tllc

M31 clisk. W e  h a v e  i~lcluclcd  c))lly  tl]c)sc.  CC1lS wllic.11  arc ~vitllill 8 0 ’  frol)l  tl~c ccmtcr ill
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t he  p lane  of M31 (r < 16 kpc for the assumccl  distance  of 690 kpc). Wc only consicler

CCIIS with surface brightness  suflicic]lt]y  high that each of the llLAS color ratios  plotted

il~ the following figures is significant at least at t}]c 3c7 level.

]n Figure 1 plotted is the color-color cliagraln 1{(60,  100) m IL(I 2, 25) for the M31

CCIIS, ‘J’hc plus s igns show tlic ccdors cjf t]lc  bulge regio~l, a ccntra] el l ipt ical  area of

20’ x 12’ (Waltcrbos  &. ]{mmicutt ] 988), which is warlncr  in cmissicn] ccm]parcd to the

disk in both 1/(60,  100) and lt(12, 25). Soifcr  ci al. (1987)  have founcl  that the 12 and

25}1m cvnission  of  the M31 bulge  illclnclcs  a substal]tial  colltrihuticm  fro]J] circu]nstc]lar

CIIVCIC)I)CS  around evolvccl low ]nass stars, wllicl] is pcr})aps  never significa.]]i  i]] galact ic

disks. 011 the o t h e r  hand the 60 ancl 100pm fluxes of the Lulg-c a r c  l i k e l y  d u c  tc)

i)ltcrstcllar  dust heated by the intense 1S}0’ supplied primarily by old stars.

‘J’hc other points  in Vigurc 1 show the disk colors, with various syIJ~bc)ls  indicating

diflcrc]lt  significance c]f the contribution fro]n the clust assc]ciatcd  with star-formation

rqjio,,s  (the warm compo~,m,t),  which is cxti,natcd  fro~n t},c ratio

IL. = f;(60/Llll)/f1,  (60/LIIl)  , (1)

W}ICTC  f~(60pn)) is the 60pIJI  flux CIUC to the discrctc sources in a cell ill clue.sticm, and

f,, (6@JJl)  itS tOta] 60#11Jl  flU~. ‘J’hc sources, which arc cxclusivc]y  related to giant 1111

rcgic))ls c)r 1111 rcgioll  coIIIplcxcs  (Iticc ct al. 1 990;  Xu ct al. 1992), arc cxtractcc]  frolI]

the 60pxn  lnap using Gaussia?l fittil)gs.  It is arguccl  that the radiation froln  these sources

rcprcsmlts  WCI1 the warlll colnpc)llcllt  (XU &. IIc]c)u 1993).  As cxplail)cxl  ill  t}lc legend, the

sc~licl sc~uarcs rcprcscnt  the rcgiol]s  where the war~n colnpol]cnt  Clolnillatm  (It. > 0.5),

t]lc  crc)sscs t}lc rcgic)ns wllc.rc! the warll~ coIJ”JpoIIcIlt  dilninishing  (lL~ <  0.2), allcl  t~le.

c)])cll  scluarcs  tllc cel ls  ill  the il]tcrlllccliatc situatioI1.

‘ J )hc  c l a shed-do t t cc l  lil)c is tllc IILAS color SCCIUCIICC c)f t}lc Califc)rllia  N e b u l a

Incasurcc] by ]Iou]allgcr  ct a./. (] 988) ,  strctc]]ing  frcjln  tllc! IIlost  intmlscly  llcatccl  rcgioll

( the lef t-uppm corllcr  c)f Figure  1 )  to tllc ccmlm cmtcr  p a r t s  o f  the IIclmla, ‘J1hc

dis t r ibut ion c)f galaxies o]t tl]c  sa]Ilc  cc)lor-cc)lc)r  cliagra]~l  gmlcrally  fc)llc)ws  this sccluc]lcc

(Iicmlallgcr  ci$ CZL 3 988; IIc]c)u 1989). ‘J’hc clash ccl vcrtica] line  shows t},c ccdcm calcu]atccl

by ])]]]’g(l  fcm {~alactic  cirrus using  t)Ic t)lrcc-~)o})llliltic)l]  dust IJ]OC]C1  with I’AIIs, VSG,

ancl large grail]s, ‘J’hc  colcm variaticm  alwlg the lillc re.f leets a ra.llgc  ill  the illtmlsity

c~f t he  })catillg  radiatic)xl  frolIl  0 . 0 5  tc) 10  til[)cs  the  ISltl’ in tllc Sc)lar  Ncigllbc)rhoc]d.

‘J’l]c lillc is vcrt,ical  Lccausc  ill tllc 111)1)90  ]IIOCICI  tllc s p e c t r a ]  shapes of I’All al]d  VS(;

cIIJissioll and their relative il]tc]lsity  arc allllost illdcl)cllclcllt  of tllc intensi ty  c)f llcating

racliatiol].



~’here  i s  a  c lea r  trcncl  in this cliagraln  that CC1lS with larger lL, r a t i o s  s h o w

warmer 1/(60, 100) and COOICI- lt(l 2, 25) ratios. ‘J’his is in good agrcclncnt  with the

two-compcnlcnt  moclc] (Ilclcm  1986).  It should bc poilltccl  out that the data points in

the bulge do not follow the two-colrlponcllt,  n]odcl,  si]np]y  bccausc the mechan i sm of

tllc M 1 R-1”] R emission there is solncwhat,  diffcrc~lt. 11 owcvcr, it c.onl,ributcs  so little

(- 10%) to the integrated cmissio~l  of  M31 that  the validi ty of  the two-component

Irlodcl  for the global colors of Ilorlllal  spiral galaxies is not aflcctcd.

On the other hand, ]ncmt,  of tllc clnissioll  in the M31 disk,  especial ly that  from

t}lc CC]]S with little  co]]tributio]l  froln the sc)urccs ( the crosses) ,  has coo]cr  1/(60,  1 0 0 )

and warmer R(I 2, 25) ratios than the cirrus in the Sc)lar  Neighborhood (lt(60, 100) =

0 . 2 1  II 0,01 and  1{(12, 25)  ~ 0 . 7 6 4  0 . 3 0 ,  IIoulangcr  & l’drault  1988).  ‘J’his  cannot  IJC

duc to the difference in the intcmsity  of ISRV bcca.usc  the entire trajectory of the cirrus

lnodc]  (tllc dashed line) w}lic}l spans a very wiclc range of 1S}0’ intensity (0.05 - 10

tilncs  of the local ISII’}L),  lies ]Ica.r tllc u])pm--lcfi  border c)f the data do]nain.

‘J’llc problcm is presented CVCJL better i]) tllc 1/(60, 100) vs R(25, 60) diagrmn which

i s  ])lottcd  ill l“igurc  2 . CC1lS in  tllc bu]gc  }Iavc IJCCII  cxcluclcd  to  si]np]ify  t h e  p l o t .

‘J’hc  poil]t,s a r e  c o d e d  by the ratic)  IL. as in Y’igurc 1. ‘J’hc  dashed-axlcl-clotted curve

again  rcprcscnts  t h e  c o l o r  scquc]lcc  of tllc Califorl]ia Nabula.  ‘J’hc  dasllcd  lillc i s  t he

1)111’90 lnodcl  preclicticJ1l  fc)r G a l a c t i c  c i r r u s , with lc)wcr lt(25, 60)  corresponding to

Inorc illtcnsc  hea t ing .  C i r rus  ccdors as c)bscrvcd  ill the Sc)lar  Ncighborhoocl  (l~cmlangcr

& l’irau]t  1988) occur nca.r  tl]c I1lillilllulIl c)f this curve. C;lcarly, this co]c)r-color  diagram

allows better cliscrilni~)atic)l]  at ]owcr  heating intcv}sitics  thcm l$igurc  1, with the points

scparati])g  out ill IL. ratio, and sprmding  out ill a weak allticorrclatio)l  1{(60, 100) vs

1{(25,60). ‘J1hc data, cspccia]ly  those for tllc cells with little col)tribution  from the

s o u r c e s  (tllc crosses),  are clca,rly  illcol)sistcl]t  wit]) tl}c lnclclcl  prcdictic)l)  fc)r G a l a c t i c

cirrus.

4. 1 nterpretat.ion

4.1. l’llysical argu)ncllt

‘J’hc cliflusc cmissioll froln  the disk of  h031, rcprcsclltcxl by ihc CCIIS of IL, < 0 . 2 ,

displays IILAS colcws  which arc clif~cml~t  frc)lll  (;a]actic. cirrus: ‘J’hc IIlcan  IL(6O,1OO) c)f

tl)csc CCIIS, 0.167:10.003, is sigllifical]tly  lower tlla]l  tllc rai,;o 1L(60, 100)  : 0 .21:1 0,01

fc)r tllc c i r r u s  ill the Sc)lar  Ncigllb[)rllood  (lloula]l~er  & l’drau]t  1988),  a]icl tllc lncall

IL(12, 2 5 )  : 1 . 2 3  + 0 , 0 3  i s  significa~ltl-y  IIigllcr  tl)a]] t}lat  of  tl]c Sc)lar Ncighborhoocl
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cirrus. .111 the I-L(60,1 00) vs ]L(25,60)  diagram, ]na]iy  of these cells  show hig}l 2~pnz-

Lc) 60/LIII surface birg]~tllc.ss ratios (> 0.5)  a]ld  ]C)W 60/Lm- tcj- 100}Lm surfacx  b r i g h t n e s s

ratios ( <  0 . 2 )  at the sal~]c t,ilnc. ‘J’}]e InCaJI 1t(25,  ] 00) = 0.047 II 0.002 c)f cells With

IL. <0.2 is sligl]tly  lower than that  of the Solar Ncighbor}lc)c]d cirrus.

‘J’hc constant  R(6O,1OO) ill tllc cliflusc emission ill  the Milky Way is int,cq]mtccl  as

CIUC I,c) the colltributic)l)  of clnissio])  froln  ‘very s]]]all .graills’ (VSG) (Cox &. Mez,gcr  1987,

l)drault  et aL 1990),  whose cmlltributicnl  dctcrlnillcs  tllc ]I]inimu]n  It(GO,] 00) machccl  at

IC)W radiatio~l  densities. ‘J’hc  unusually  low IL(60,1 00) values in the diflusc IIlccliuln of

M 3 1  ]nust  thcmforc indicate a dcficimlcy  in VSC mnissic)ll. ‘J’lkis might  rcflcxt citllcr a

l ack  o f  UV l]mting (Millia.rcl  1984)  that  clrivcs VSG fluctuatic)ns,  or a lack c)f VSG.

A weak UV radiatic)ll  ficlcl would clcprcss  CVCII IIIC)rC IIoticcably the 12~L11-I elnissicnll

bccausc  t h e  latt,cr  i s  c l u e  prilnari]y  to I)AIIs  w}licl)  a r c  Illorc  cfTicicllt  tllall VSG a t

absorbing far UV photolls.  Sillcc  the 12pJ11 clllissioll  is not clcprcsscd  (relative tc~ 100~/In)

ill tllc M31 rcgio]ls  ill qucsticll) , a weak IJV field is all ulllikcly  hypc)thesis.

011  t}lc c)thcr  h a n d ,  VSG call be ]lcatcd  to  r e l a t ive ly  }lig}l  tcmpcraturcs  (= a fcw

IIullclrccls Ke lv in ,  l)raillc k, Allclcrsc)ll  1985)  by a sing]c  UV c)r op t i c s ]  plIc~tc)II.  ‘J’}lcy

arc t}lcrcfore  likely to bc tllc lnc)st ilr)porta]lt  cc)lltributc)rs  tc) the cliffusc  (cirrus) 25}L7n

cv]]issic)]l  as W C]] as the 60pn clllissic)n  ill rcgiolls  c)f low radiat ion densi ty.  I t  wcmld

tllcrcfc)rc  scc]n  t}lat  t}lc ~~lorc ~la.tura] cx}jla~latic)~l  c)f the lltA S cc)lors c~f M31 cirrus is a

dcficicnlcy  in VSG colnparcd  to JIorJI]a] l a rge  grains  allc] I’A]ls,

It shou]d  be noted, however, that the illtcgratccl  IILAS colors  c)f M3] , calculated

from the fluxes in ‘J’able. 1, clc) not illdicatc  cc)lllpcllillgly  a  VS(J-clcfic.icnt  I S M ,

prcJbaMy  b e m u s e  tl~c cviclc]lcc is ~llaskccl by t h e  s u p e r p o s e d  mnissio]is  frc)ln varic)us

clust pc)~~ulations (e.g. tllc diffuse dust  ill t}]c disk allcl  tllc dust associated to tllc star-

fcmnatic)ll  regions) at cliffcrclit  hcati]lg  i?ltcllsiiics.

111 w h a t  f o l l o w s ,  w c  w i l l  use tl)c  ]jllclloI1]cIlolc)gicz~l  clust Jnc)clcl  c)f l)dscrt et al,

(1990) tc) clarify a,,cl i]lustratc  tl,c above argu,l,c,,ts  a,,cl verify the dctailccl  agrcc~nc,,t.

bctwcxll  the data, and c)ur cc)lljccturc.

4 .2 .  Mc)clel Colnpariso]l

11] Pigurcs  I  a n t ]  2 ,  tllc dc)ttccl  lillc shc)ws tllc ~)rcdictic)ll  by t h e  1)111)90 JIIC)CICI,

W1]CII  d u s t  i s  IIcatcd by a  S o l a r  Ncighbcmhoc)c]  lS1tl~ wit]] tllc  lJV ligl)t  rmnovccl,

s c a l e d  ill intensity  by a factc)r  varyi]lg  frc)lrl  0 .05 to 10. ‘J’liis lJV-free snc)clc.1 fails tc)

ICprc)cluce the data, prilllari]y  bccausc it ~)rcclicts  tc)c) lc)w a 1/(12, 25) ratic)  ill ]$igurc  1,

as lJlig]lt bc cxpcctccl si]lc,~ tll~ ~J\~ })]~c)to])s  TVC)UI[l  ]t:lvc  I)If)VidCd t}lc grcaicr tc]~]])craturc

flue. tuat io]ls  (ill both VSG a]lcl llA]]), a]ld t}Jc associated ~tar]llcr lnid-illfrarcc]  mnission.

7



III l$igurc  2, the UV-free moclcl  predicts too low a va]uc  of lt(25,  60), bccausc both I’All

a]ld  VSG clllissivjty  drops, affecting t}]c flux at 25p1n slightly IIlorc  than tllc flux at 60

~un, which still gets contributio]l  from t}lc large grains.

‘1’he solid  lines  i n  Figurm 1  and 2  S}IC)W  ihc prcclicticm  by the I) I]P90  model

Il]oclificxl  by  rccluci  Ilg the VSCi abunclal]cc  to half  its value i n  G a l a c t i c  c i r r u s ,  ~’his

variat ion c)n the moclc] proviclcs  the best fit to the data. 1/(60, 1 00) is rcducccl  lmc.ausc

c)f a sllla]]cr contribution frcun  VSG Lcj 1i50p, whereas R(12, 25) is cnhancccl  bcca.usc  of

the increased abundance of 1’AI1s  relative to VSG, jn agrccmcllt with the clata  in }?igurc

1. As t,l~e intensity of the hca.ting radiation drops IJC1OW t}lc Solar Ncigllbc)r}loc)d  va]uc,

large grail)s  cool dow]l, s o  ihcir  rcclucccl  colltributjoll  at 60pm causes  the  increascxl

R(25, 60) wducs, thus aligning ]nodc] predictions and data in Figure 2. At the lowest

hcatilg  levels the large grains arc so COIC1  t})at their clnissivity  at 100}/m clrops enough

to cause the up-turn in the solid lillc  OII Figure 2.

in  l“igurc  3 wc cxtcncl  the tcstillg  of t}le  VSG-dcficicIli,  Inodcl by cxamilling  the

clnissiviiy  pcr 111 atom. Wc plot It(GO, 100) VA II?. (25, 60) for CCIIS cmtsiclc the WCI1 kllc)wn

Lright  ring (7 kpc s r ~ 12 kpc),  i.e. CCIIS jn the anl]ulm  12 kpc < r _< 14.5 kpc; outside

of 14.5 kpc ihc siglla]-to-noise  rat io drops below 3 mwrywhcrc. ‘1’his  an~]u]us oflcrs  a

rcaso]lab]y  broacl rallgc c)f hcatillg illtmlsit,icsj but rc~naills  suflicicnt]y  narrc)w tc) avoicl

])c)tclltial cfIccts duc to radial gradicmts ill jllctallic.ity and dust-to-gas ratios (Wali,crbos

& Kcmnicutt  1 988). ‘J’hc  conclitic)lls  for dust clnissiol)  ill  star-fcmnation  rcgic)lls arc very

clifrcrcllt  frc)lll  thc)sc for cliffusc clust  clllissjon,  thus wc cxcluclc  the cel ls  with IL, > 0.!5

ill  cwdcr tc) concentrate c)n the cliflusc  dust c.lllissioI). ‘J’}Ic ])oints  in l~igurc  3 arc lnarkecl

accorcli]lg  to l~;(100, }11) =  llooll/NJ1l  ratic)  iu ullits o f  Al~ysr’ /] 102011 c m- 2 : s o l i d

squa.rcs  arc cells with E(] 00, 111) > 0.4, OI)CX1 squares arc CCIIS with 0.2 < l(;(l  00, 111) <

0.4; and crcmes the CC1lS with 1’;(1 00, 111) <0.2. 2’llc cirrus ill the Solar Ncig}lborhc)ocl

IIas 1~(100,  111) u 0 . 8 5 4  0 . 0 3  i]] t}lc SZIIIIC u)lits  (Ilc)ula]lgcr  & }’irau]t 1 9 8 8 ) .  Oi,}lcr

sylnbo]s  have  the  salne lnca,llil)gs  as in l~igurc, 2 . ‘1’hc  tllrcc nurnbcrs  (0.15, 0.85, 3)

along the  sc)]icl  ]inc g i v e  the va]Ncs c)f 1+; (100,  111),  as prcc]ictcc]  by  the  Illc)dc]  at t}]e

corrcsponcli])g  positions on that  lillc,  assu]]lillg  a Sc)lar  Ncig]lbc)rhoc)cl  dust- tc)- gas  ratio

(]]]1])90),  ‘1’here arc also  cc,rrcspc)I)c]iI,g tick *narks  C,II t}lc dottcc]  ]iI,c (the cirrus JncJdc])

aIld  the c]ashccl ]inc (t])c  lJV-free Inodel).

‘J’hc  Vs(; -dcficicnt  JIIodc]  (the sc)]ic] ]illc  ill }Jigurc 3) fits t}lc data IIIUC]l bcttm t]ial~

tl]c ot}lcr twc) Inc)dc]s,  nalIlc]y  stanclard  aJIc] lJV-free ~~a]actic.  cirrus. 1]1 t he  d iagram,

t h e  ]OW ]’;(] 00,  ]]]) ~Jc)illts  (o])c]l s q u a r e s  ancl CJOSSCS), a:ld  tllc nigh  1’;(100,  111) ~)c)ints

(solicl sc~uarcs ) arc well sc],aratccl as a,,tici*Jatc{l  f,t,,} tl,c ,),c,drl, llc)~rm~cr,  the Lcm]iclary

bctwccIl t]le twc) sets c)f points occurs W]]CJC t]ic ])){~c]c]  ]Jrcdicts };(] 00, ]1]) N 0.85 rat},m
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t,lia]l  N 0 . 4  as rcquirccl by I,hc l]~casu]c]]-lc]lts. ‘J’his  is likely duc to a dust-to-gas ratio

which is depressed ill the outer disk of M31 colnpared  tc) the Solar I!eighborllood  which

w a s  USCCI as the basis  of  the 1)111)90  m o d e ]  (Waltcrbos  & Kc~)llicutt  1988).  A clust

IlcatiIlg mc)dcl (Xu & IIclou  1993), which lllakcs  usc of available IJV, optical and 111

]naps,  and which fits WCI1 the spatial clistributiol]  of F]lt surface brightness in M31,

ccmfirlns  that the clust-to-111-gas  ratio at a ga]actoccntric  distance of ~ 14 kpc is about

a factc)r  of 2 lower than the Solar Neighborhood value, just as rcc~uircd by the data.

We therefore conclude that tllc data arc colnpatib]c  with the lnodc] predictions of

I) IJI’90  assuming that the VSG abundance relative to large grains  and I’AIIs ill M31 is

only onc }laJf of its value i~) the local  Milky Way.

5. DiscL1ssion

Wc fincl a significant diflcrcncc  ill  the lILAS colors of the diflusc dust cmissicnl  of

M31 compared to the large-scale c~Ilissioll  (cosccant  law) ill  the Solar Ncighbor]loc)cl.

!I’IIc cliffercllcc  calll]ot  bc rcproduc.cc]  by tllc  11111’90  ]nodcl  a s s u m i n g  UV-dcficicnt

hcatillg  of the dust ill M31. It call bc explained howcwcr  by the same mc)dcl assullliIlg  a

VSG abulldancc  half c}f t]lai, ill t}lc  Solar Ncighborllc)ocl. ‘J’his assu]nptiol]  also predicts

tl]c  lc)ca,tions in the IILAS color-colcw cliagra~ns  of CCIIS in the cmtcr regions of the M31

disk with low and high lloo,, /NIll vtducs. While the modellillg  wcn-ks collsistclltly  fc)r all

M31 CC1lS,  the cfrcct  is ?nosi  obvious w}lcrc the radiatio]l  ficlcl  is the weakest.

‘J’l]c  VSG clcficicllcy  ill M31 wc)u]d rclnain a 11-)c)clcl-dc~>cllclcllt  rcsu]t if Lasccl solely

c)]]  the IILAS clata, sil~cc  ]~o d i rec t  VSG s i g n a t u r e  i s  il)vcdvccl,  ancl 1)111’90 lnay llavc

ovcrsiu]plificd  I’All a n t ]  VSG  prc)pcrtics,  cspccia]ly  a t  l o w  llcatillg  lCVCIS. C)IIC llillt  tc)

this effect is that the ]Ilc)dcl  tcllcls tc) predict an ovcrabulldallcc  of VSG at hig]l radiation

clcl)sitics,  a s  cviclcnt  ill l$igurcs  10 allcl 11 o f  1)}11’90. ]Iowcvcr, a  strong  i])dcpclldcnt

argumcllt  ill favor of tllc VSC clcficicncy  WOUIC1 bc prc)viclc:d  by a weaker 21 75A bu]]lpj

ill l i ne  wi th  the  sugges t ion  (Mathis  1 990)  that  VSC are rcspcnlsiblc  for t}lat  Lulnp.

]Lcccnt  11 S’J’ clata do indcccl reveal IIarrowcr  al)cl  weaker 21 75A bUImM in the cxtillctic~ll

s~)cctra  dcrivccl  for two stars at, c)ppositc  siclcs c)f M 31 locatccl  abcmt 8 and 11 kpc fro~n

the  nuc leus  (Ilutchi]lgs  CL aZ. 1 992).  Wc tllcrcfcwc  co]lcluc]c that there is significallt

cviclcncc  fc)r a clcficicl]cy  of VSCI ill IL431 ccmparing  tc) t}lc G a l a x y .

W h i l e  t h e  VSG abullclancc  ill the Sc)lar Nc.igllbc)rl]cwcl  a}~pcars tc) bc typ ica l  fcm

tllc Milky Way (1)}11’90, IJoulallgcr &  l)iraul{  1 988),  tl)c  occurc]lcc  of  VSG-clcficicIlt

rcgic)ns ill cmr Galaxy callllot bc r u l e d  c)ut ,  cs])ccially  a t  IC)W illulnillatic)ll  lcve]s  cm



cmtsiclc tllc Solar  c i rc le .  Such  oc.cumlccx  would bc s imi la r  to the strong  variatiol]s  ill

I ’ A l l  a b u n d a n c e  rqmrtccl for pockcis  wit}lil]  molccula.r  clcmcl co~nplexcs  (Iloulangm  et

al. 1 990) .  OJ1 the other }lallcl, tl]c i]ltcgratcxl  colc}rs of cvcv)  tllc co]dcst  galaxies rclnaill

IIigllcr  ill A?(6O, 1 00) than all the lnoclc] curves ill Figure 3 (llclcm  et ale 1 993), suggesting

that as in M3J,  the mixing of mnissioll  frolll  different hcatil)g  mlvirolllllcllts  lnasks  the

cvidcllcc.  No statclncnt  can thcmforc bc. Illadc about t,hc fraction  of galaxies with VSG

clcficimlcy as obsm-vccl in M31, or about tile relation bctwcm]  VSG and J’AI] abu)ldanccs.

111 view of this  uncertainty,  we call only  spcculatc  a s  to  t}]c c a u s e s  c)f VSG

dcficicn]cy, and its ilnplications  fo r  the  origin  of VSG. If tllc cleficimlcy is ticxl to tl]e

c]uiescc]lcc  of M31 in terms of rccc]lt star forlllatio]l  (Walterbos  1987),  it lnight  indicate

that VSG are ]lot  forlllccl  like large grains, allcl pcmsiblly tllc I’All Inc)lcculcs tc)c] (Math i s

1990), in the atmospheres of AC;]] stars, but rat}lcr rcciuire  clcnsc xnolccula.r c louds or

supcmlova  explosions as t}lcir  birth places. A]tmmativcly,  VSG lrlay  require constant

prc)cessing  by supernova.  shock waves aIl cl/or strong UV radiation to avc)icl  grc)wing
. .

Inalltlcs ancl turning  Into large grains.

Ack~towlcdgclz~cltts. WC arc very gratcfu]  to l)r. E. l;rillks  fc)r providing the 111 Inap

c)f M31 , to l)r }1. Milliarc]  f o r  t}Ic UV (2000~)  ]na~), a.lld tc) l)r. lt. Wa]tcrbos  f o r  tl)c

cq)tical  phcdolnctry  lnaps. l]clpful  cliscussions  w i t h  C. l]cichlnal~  allcl  J. l~owlm a r c

acknc)wlcdgcxl. A  large })art c)f tl]c  w o r k  w a s  clc)nc WIICJ1 CX Ilcld all Alcxa]lclcr  VC)I]

IIulnboldt  l“cllcnvship. ‘J’l]is  rcscarc]l  is supl)ortcd  i~) part tllrougll  the lRAS l’;xtc]]clccl

Mission  l’rc)graln by t}lc Jet l’rc)pulsicm  ],abo]  atcmy, California IIlstitutc  of ‘J’cchTiolc)gy,

ullclcr  a col~tract witl~ the Naticnla]  Acm)~lautics  and SIJacc Adnli  I listration.

I Appendix. Sources of uncertai~lt,y  of M 31 integrntcd  fluxes

II] csti~natillg  ullcertailltics  o]] tl)c  fi]]a] M31 fluxes  frc)ln this wc)rk (rJ’ab]c 1  ) ,  wc

cc)lwiclcr  four sources of Il]lccrtail)ty:

1 ) Noise ill tllc IIIal): ‘J’llis  is estilnal,cd  frc)l[l tllc disl)c.rsioll i~l sky briglltl}css  away frc~ln

s o u r c e s ,  uo, and sets I,]lc II)illimuln  ])]loioll)ctric  ullccrtail)i)r  ill t,llc su r face  Ijriglli]lcss

Illcasurccl  ill a pixel,  aIld  in tl~c s})atia]ly  i]ltcg]atcd  flux  ill aII a p e r t u r e . ‘J’llc  dis]~crsioIls
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Inmsurd 011 thc raw IIiltcs  IIlaps  within  10’ diameter apertures were 0.29, 0.27, 0.19,

allcl 0.37 MJy/sr at 12, 25, 60 allcl  100 lLII) mspcctivcly.

Spatial integrals suffer fro]]l a lninilnuln  ulkccrtah]ty  equal to IV} cro, where Nh is

tl)c nu:nbcr  of indcpcllclellt  rcsc)lutic)ll  cJclllcllts  ill tllc arm c)vm wl]ich  t h e  illtcgratioll

iS taken.

2 )  llackgroullcl  subtractio~l: ‘J’hc  rclcvmll,  term IIcrc i s  depar tu re  frmn the assu~npt~on

c)f a flai, background  CIUC to structure i~l tllc fc)rcgroul)cl (Milky Way).  WC have tcstccl

for  such departures Ly cc)lnl)aring  tl~c statistics of sky brigllt]lcss  ill the cight,ccll  JO’

diameter apcrt,urcs used for background cstinlation. l[lach o f  t,llcsc areas contai]ls  Nb

= 1232, 778, 27’9 or 56 i~ldcpcndcnt  resolution clclnc])ts  at 12, 25, 60 and 100~un.  ‘J’hc

clis~)crsion  in the mean surface hrig}ltl]csscs  of each area is larger than cxpcctcd  froln

a. IV; :, the value cxpcctcd  if a. was the o]]ly source of dcviatiml  froln a flat background.

Wc therefore derive  a sky Iloisc colnpollcnt  with dispersion al = 0.02, 0.015,0.07 and 0.2

MJy/sr 011 the scale c)f the test ape] turcs.
>

‘l’llis  will cc)lltributc  CJI N; 2 to  the illtcgratccl

f lux u~lccrtainty,  where lVC is tllc ]}u]Ilbcr of 10’ dia]nctcr  apertures in the solid ang]c

over which the flux is illtcgratcd.

‘J1hc s k y  nc)isc colnpo~lcnt  charactm-izcc{  o]l]y by al a]ways cc~I)tributes  ]C S S  thaI]

t]lc cxJyl~pcnlcnt  duc to O. tc) the ullccrta,illty o]] t]lc  t o t s ]  f l ux  illtcgra]  of  M31 .  !J’]lc

c o m b i n e d  tcrllJs a,l)]ount  to 45, 35, 15 aIIcl 13 Jy at 12, 25, 60 and 100pIn;  t}lcsc are ill

~)rillciplc  i,hc oI]ly tcrlns rc]cvaylt  to the co~npariso]l  bctwccn  IJi}tes  allcl ISSA i?ltcgrat,ccl

f]uxcs. l“or~llally, tllc larger  discrc~)allcy  at 12 allcl 25 /~In i s  ea s i ly  acccptablc,  sillcc

greater ullc.e.rtaixlt,ies  arc cxpcctcd. ‘J’hc clisc.rcpallcy  at 100I(]J]  is })rc)bably CIUC to t,hc

fact that sky struciurc  (Milky Way cirrus) is ]Jlorc coJnplcx  t}la]i  the llc)rlllal distribution

rc]~rcsclltatioll  aclo}]t,cd here.

3) Calibration:

3.A) ‘1’hc absc)lut,c calibratiolI  c)f lltAS d a t a  i s  thought  tc) bc ullcm-ta.in by 10’XO o r

less  (lltAS l’lxpla.natory  SUpplcIIlc)]i,  1988).  1 Iowcver, this is largely irrelevant to t}lc

results ill this pa])cr, bccausc the discus sioxl  is cc)]IfiTIccl tc) a coInpar~sc)ll c)f I1{,AS colors.

Morccwcr, tl]c  11111’90 Inodc]  has bccll  tied to LIIC I1{AS absc>lutc calibraticjl).

3.11) l,ocal dcviatiol)s c)f t}te  calibratio]l  frc)ll) t])c g]c)ba] lltAS ca]ibratic)ll  arc sl~la]],

t yp ica l ly  < 5% (ISSA l’;x~)lallaic)ry  SUl)])lC~J]CIIt  1994).

3.C) Calibratio]l ul~ccrtailltics  a s s o c i a t e d  wit)] tllc  ~ariatioll of rcspollsivity  c)f IILA S

c]ctcctors w i t h  ‘(dwc]l i,illlc”,  O] cquivalcl)t]y  IVitll  so(lrc.c sim a]isc b c . c a u s e  I,I)c  ]Ii}{cs



ltlaps  wc work with here usc the very-large-scmrcc rcspo~lsjvity  lixnit, whcrcm the M31

)naps ccmtah structure 011 various scales. ‘J’hc. unccrta.intics  shcmlcl  lx l) OUIICICCI  by

t,hc AC/llC rcspollsivity  ratio desc r ibed  ill the lRAS l’;xpla~latory  Supplcmc]It  (1 988 ,

chapter IV), q’his ratio a]ncmllts  tc) 0.78, 0.82 and 0.92 at 12, 25 and 60pIJl,  but was set

to 1 at 100pnl bccausc of the more.  coln]kx  behavior at this wavc]cngth.  j,l’rcnn  l’igurc

IV.A ,4.2 of the 1.RAS Explanatory Supplc~~lcnt,  wc cstilnate  20!70 as a reasonable upper

liln;t  to this source of unccrtai~ll,y  at 1 Oopn. We have aclcq~tecl 1 1%, 9%, 4%, and IO%

for t}le uncertainty at 12, 25, GO allcl  100~~ln.

4 ) IIiltcs  artifacts: l’otcnt;a]  artifacts of IIiltcs  for cxtc~lclml, low su r face  b r igh tness

sourcm have l]ot  been cl)aractcrizcd.  l’oil]t  source  photc]lnctry  at relatively hig]l signal  -

to-lloise  ratios is cxpcctccl tc) bc better thal) 2 0 % . q’hc u]lccrtailll,ics whicl) appear  in

“J’able 1 do IIot inc]uclc  any tcrl)l for SUCII ar t ifacts .

!l’hc contr ibut ions froln  itmns 1),  2), and 3.C) above arc aclclccl ill quadrature to

yield the ullc.crtaintics  listed  in ‘J’aMc 1,
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~igure  1 1{(60, 100) vs 1/(12, 25) cliagrwn  for cells (2’ x 2’) in M31 , ‘]’hc plus signs  arc

cells in the bulge  region. Other pc)inis  arc cells ill the disk: scdid squares arc ones with

significant  c o n t r i b u t i o n  from sc)urccs  (Its  = f~(60~/.lI])/fV(60~1111 > 0.5) , c)pcll  scluarcs

with intcrlnccliate  1{, r a t io  (0 .2  < 11,~ ~ 0 .5 ) ,  and  tll~ c rosses  a rc  clolnillatccl  by the

cliffusc clnission  (Its  < 0.2).  l“or colnpariso]l  t}lc corrcspcnlding  raticm of  the  c i r rus  ill

Solar Ncighborhoocl  is give]] in the upper-right corner of the figure. ‘1’hc dashccl-dotted

]inc  is tllc color scqucncc  c)f tllc ~aliforl)ia Nclmla (l]c)ulallgcr et al. 1988),  which goes

froln tllc ccntcr  of t}lc star-forming region (tllc left-u])pcr corl~cr of the figure)  to the

oui,cr  part of the ncbu]a. Galaxies arc usually locatccl  Ilcar this line. ‘1’hc  clash ccl vertical

line is the Inoclcl prediction by 1)6scrt  et al. (1 990) for t}]c Galactic cirrus. ‘J1hc range

of the illtcllsity  of ISltl’ in the lnoclc] caculatic)l]  is 0.05 - 10 tilnes  that  of ill the So la r

Ncigllbc~rhood.  g’hc clotted lillc  is the prcclictiol]  c)f t}ic same dust  Inc)clcl but hcatccl  by

ZLII lSlt}~’  wit}lout  any UV light. ‘J’lJe solid line  is the prediction frc)nl a II]oclel  which is

c~tllcrwisc  the salnc with that c)f l)tscri ct al. (j 990), but t}lc abundance  of Very S1l)all

Grail)s  (VSG) is Inultiplicc]  by a factor of 0 . 5 .

Figure  2 R(60, 100) ZM lii’,(25,  60) c]iagra]rl for cells (2’ x 2’) in M31 disk. (;cIIs ill the

bulge  rcgio]ls ( t h e  p l u s  siglls  i)] l“ig.1 ) l)ave IJCCI, clclibcratcly cxcludcd.  Otllcr sy,nbo]s.
llavc the same lncanillgs  as ill l“igurc  1.

Figllre 3 ]/(60, 100) vs lt(25, 60) Cliagra]ll  for cells (2’ x 2’) in M31 c)utcr  disk (12k~Jc <

r s 16 kpc). Only  CC1lS with ILS < 0.5 arc i)lcludcd. ‘J’l]cy  are ]llarkcd according to the

lloo,,  /N}ll  ratio: solicl  squares arc ones with 1100,, /N]]] >0.4 (MJysr-  1/ 1 02 011  C1ll-  2),

O})CI1  SqU:L1’CS w i t h  0 . 2  < lloo,,  /NI1l < 0.4(h4Jysr- ] /102 011 ClII-  2), allcl  crosses wit]l

llooll/NIll  < 0.2(MJy  SI”- ‘ /1 02 011 CII1- 2). Otllcr  syIIlbc)ls  l~avc tllc. saIIIe.  IIlea]ii]lgs  as j])

11’igurc 2. ‘ J ) h c  tllrcc ]Iumbcrs ( 0 . 1 5 ,  0 . 8 5 ,  3 )  alo~lg tllc solid lillc give tllc lIoo,, /NIII

values, in units of MJy sr - 1 /102°11 CI1l-  2

, ])rc[lictcd by IIlc l]]oclcl at tllc cc)].]cs})c)]l~li]lg

])c)sitiolls oli that lillc assullli]]g, a l o c a l  (lust- to p,as r a t i o  (I)iscrt  ct al .  1990).  ‘J’ick

IIlarks  C)I1 t,]lc ot,hcr  two II IOCIC1 li]lcs cc)rrcs])c)IId to i}IC SaIIIC 11001, /N}~] Value%.
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